Obesity is a multifactorial disease of epidemic and global proportions that poses the most significant threat to the health of our younger generations. Those who are the most extremely affected bear the largest burden of health problems. In the US, extreme obesity affects approximately 9 million adults and 2 million children, and is associated with both immediate health problems and later health risk, including premature mortality. Present medical and behavioral interventions for extreme obesity in adults and children rarely result in the significant, durable weight loss necessary to improve health outcomes, prompting a search for more aggressive measures. Weight loss (bariatric) surgery has been advocated as an intervention for those with extreme obesity. In adults, bariatric surgery results in prolonged weight control and improvement in serious obesity comorbidities, namely type 2 diabetes, dyslipidemias, hypertension and obstructive sleep apnea syndrome. A surge in weight loss operations for adolescents has been observed recently, with a threefold increase in case volumes nationwide from 2000 to 2003. Current evidence suggests that after bariatric surgery, adolescents lose significant weight and serious obesity-related medical conditions and psychosocial status are improved. Thus it is reasonable to propose that bariatric surgery performed in the adolescent period may be more effective treatment for childhood-onset extreme obesity than delaying surgery for extremely obese youth until adulthood. This position has been echoed by a number of groups and an independent systematic review. Finally, it is conceivable that bariatric surgery performed in adulthood for childhood onset extreme obesity may not be as effective for comorbidity treatment as surgery performed earlier during adolescence. The purpose of this review is to examine the evidence, which supports early rather than later use of bariatric surgery in the treatment of extreme obesity, and to present this information in light of the medical and surgical risks of bariatric surgery.
Introduction
Obesity, defined in adults as body mass index (BMI)X30 kg/m 2 or in children as BMIX95th percentile for age, is increasing in epidemic proportions, with a disproportionately greater increase in the prevalence of those with extreme obesity. 1, 2 To distinguish levels of obesity with adverse health consequences or mortality implications, a number of terms have been used in the literature including extreme obesity, very severe obesity, clinically severe obesity or class 3 obesity, and morbid obesity. These terms generally are used to characterize adults with a BMIX40 kg/m 2 , whereas the terms super obesity and super, super obesity have been used in the bariatric literature to describe individuals with BMI values X50, and X60 kg/m 2 , respectively. Ambiguity in this lexicon clearly presents problems when attempting to summarize or compare published clinical or research outcomes. Furthermore, only recently have we begun to define extreme obesity in pediatric populations. It would be useful to adopt common definitions for varying levels of obesity and to synchronize terminology between adult and pediatric age groups, especially as greater attention is focused on research and treatment efforts in extremely obese youth. As described by Freedman et al., 3 a definition of extreme obesity in pediatrics should not only correlate anthropometrically with a recognized definition of extreme adult obesity such as a BMI of 40 kg/m 2 , but should also identify a group of children with a high likelihood of being obese, with significantly elevated obesity-related health risks, and should define those who are highly likely to remain extremely obese into adulthood. In this regard, an attempt was recently made to describe the current prevalence of extreme pediatric obesity (99th percentile of BMI for age) based on a historic US reference population. Using this metric, approximately 4% of US children are currently affected with extreme obesity, outnumbering those affected by childhood cancer, cystic fibrosis, HIV and juvenile diabetes combined. 3 Extreme obesity, particularly when coupled with medical comorbidities, place youth at high risk for premature mortality and morbidity in adulthood. 4, 5 When considering the mounting prevalence and deleterious effects of obesity on individuals and society, it is also important to factor in duration of obesity, which will cumulatively impact the health of young people over time. 5 Although metabolic disorders (particularly insulin resistance and dyslipidemia), obstructive sleep apnea syndrome (OSAS), and psychosocial impairments are highly prevalent in extremely obese adolescents, currently little research effort focuses specifically on interventions which could realistically treat and reverse extreme obesity for young people.
Behavioral weight management, which has been appropriately advocated for less extreme levels of obesity, results in poor rates of attendance and suboptimal weight reduction for youth with extreme obesity. 6 Indeed, for adolescents with BMI values more than 40 kg/m 2 , some have reported only 3% BMI reduction after 1 year for those adolescents participating in well-designed, age-appropriate weight management program. 7 Poor weight loss results have also been reported for pre-adolescents with extreme obesity. 8 Bariatric surgery is an effective treatment option that significantly reduces adiposity and improves obesity-related comorbidities in adults. The purpose of this review is to discuss the rationale for early bariatric intervention for extremely obese youth, and to review currently available outcomes of for bariatric interventions in adolescents.
History of adolescent bariatric surgery
In the late 1960s, the early experiences with surgical treatment for adult obesity were first published. 9, 10 It was not until the 1970s and 1980s that bariatric procedures for adolescents with severe obesity were first reported. Jejunoileal bypass ( Figure 1 ) was performed in at least 20 adolescents (age range 11-20 years) with preoperative weight in the range 120-150 kg. 11, 12 The expected macronutrient malabsorption resulted in 34-36% weight reduction for these patients. Significant improvement in hypertriglyceridemia, type 2 diabetes (T2DM) and quality of life were also reported, although at the expense of fat-soluble vitamin loss, Figure 1 Operations for weight loss.
Bariatric surgery for pediatric extreme obesity TH Inge et al electrolyte abnormalities and diarrhea in some. Indeed, numerous patients required reversal of their jejuno-ileal bypass to manage nutritional complications. 13, 12 Owing to the documented risks of electrolyte disturbances, vitamin malabsorption, and liver and renal damage, [14] [15] [16] this operation has been abandoned 17 and has no role in the modern treatment of adolescent or adult obesity. A small number of adolescents have also undergone biliopancreatic diversion, during which a partial gastrectomy is performed, with bypass of a majority of the small bowel absorptive area (Figure 1 ). The major advantage of this operation is that there is little restriction of food ingestion, but owing to poor nutrient absorption, ingested nutrients are minimally absorbed. There was typically a short (50 cm) 'common channel' where biliopancreatic secretions and nutrients from the 'alimentary limb' could admix and thus be absorbed. This procedure is associated with a high risk for postoperative protein and micronutrient deficiency. 18 In particular, complications have included included hypoalbuminemia, hypovitaminosis A and D and folic acid deficiencies. However, the related duodenal switch procedure, which preserves a small cuff of duodenal mucosa for micronutrient absorption, and extends the distal common channel for macronutrient absorption, represents an refinement in this operation ( Figure 1 ). Duodenal switch has been most widely recommended for adults with BMIX60 kg/m 2 for whom other less malabsorptive operations have been deemed ineffective in reliably reversing this degree of obesity. This operation is commonly performed today as a two-stage procedure, by first performing a vertical gastrectomy using a 12-16 mm diameter internal bougie, which results in a narrow, lesser curve gastric tube. This procedure is followed months later by a completion of the duodenal switch procedure (see Figure 1 ). The potential for micronutrient malabsorption, requirement for rigorous compliance with vitamin and mineral supplements, combined with the higher frequency of loose stools and excess flatulence associated with such diversionary operations suggests that such malabsorptive procedures should not be the first choice of operation for adolescents. Alternatively, some reports indicate that adults who have undergone vertical gastrectomy alone have lost significant weight (25%) over a 6-month period of time. 19 Although few nutritional side effects would be predicted, longer-term follow-up will be needed to determine the durability of vertical gastrectomy alone. Following early experiences with malabsorptive procedures, adolescents were treated with a less complex, 'restrictive' vertical-banded gastroplasty between the early 1980s and mid 1990s (Figure 1) . [20] [21] [22] Mean BMI reduction at 5 and 10 years was 25 and 22%, respectively, 20 consistent with the adult experience. 23 In addition to this modest weight loss (compared to other operations), numerous reoperations were required for disrupted staple lines and resultant failure of the restrictive operation, limiting overall enthusiasm for this approach in the surgical community.
The modern era of bariatric surgical procedures for adolescents
Use of roux en Y gastric bypass (RYGB) (Figure 1 ) for weight loss in the US dates back to the 1960s for adults and the 1980s for adolescents. 18, 22, 24 Currently, gastric bypass remains the most common operation for obesity in the US, consisting of a very small, 20-30 ml gastric pouch created at the gastroesophageal junction, typically excluding the ghrelin-rich fundus from the alimentary stream. The roux limb typically measures 75-150 cm in length and is surgically anastomosed to the gastric pouch. 25 The result is a restrictive reconstruction owing to the small size of both the gastric pouch and the gastrojejunal anastomosis. patients with some complication, nine were deemed minor with no long-term sequelae, four were scored as moderate with sequelae lasting 7 days or more and two had at least one severe complication with long-term consequences (30 or more days duration) including one death at 9 months owing to severe infectious colitis. Indeed several cases of Clostridium difficile colitis requiring intraluminal antibiotics have occurred now in our series of over 70 patients. In addition, two patients began regaining lost weight within the first year, one of whom regained over 50% of the initial weight lost. The precise frequency of weight regain after adolescent gastric bypass is not clear but may be as high as 10-20%. 7, 27, 28 Adjustable gastric banding ( Figure 1 ) is the most recent procedure introduced for surgical weight management, and is gaining worldwide acceptance. 33 During this procedure, a device consisting of a synthetic band with a small inflatable inner balloon is placed around the proximal stomach, just beyond the gastroesophageal junction. The inner balloon is inflated by injection of saline into a subcutaneous port to adjust the degree of gastric restriction. The band procedure is completely reversible and does not transect the gastrointestinal tract.
A large Australian experience with adjustable gastric banding in adults has been enormously beneficial to our knowledge about the use of this surgical technique and the consequences of significant weight loss on adult obesity and comorbidities. [34] [35] [36] [37] [38] [39] [40] [41] [42] The largest adolescent series to date is also Australian, consisting of 41 adolescents (age range 12-19 years) with a mean weight of 125 kg, and a mean BMI 42 kg/m 2 . 43 These patients generally presented without any major physical health problem associated with obesity, with the exception of five patients with either T2DM, OSAS or hypertension. Weight loss in the range of 30% was reported 3 years postoperatively in 18 patients in this series for whom 3-year data was available. All patients with comorbidities experienced improvement in these conditions. Few complications were reported for this period of follow-up, but included one patient with gastric prolapse (band slippage) requiring band repositioning, and one with a leak from the tubing requiring revision. When gastric bypass and adjustable gastric banding have been compared, reports have cited greater weight loss and comorbidity resolution with gastric bypass at early time intervals (1-3 years), 44, 45 but similar weight loss efficacy at later (5 year) time intervals. 33 Despite difficulties in comparison of studies which report results from cohorts differing in weight and comorbidity status, adjustable gastric banding seems to be a technically safer operation with lower mortality risk than other procedures, 33 principally related to the lack of risk of intestinal leakage and subsequent sepsis early after operation. Systematically collected information about both efficacy and potentially worrisome later (5-10 year) complications -including band obstruction, gastric prolapse, pouch dilatation, port/tubing problems, severe esophageal dilatation/dysmotility and frequency of band explantation -will be critical for clinical decision making for adolescents who have perhaps five or six decades to live with the device. Although this device holds a great deal of promise for treatment of adolescents with extreme obesity, more information about long-term efficacy and durability is needed. Tsai et al. 46 have also recently used the National Inpatient 
Nutritional risks of weight loss surgery
Although there is good rationale to consider bariatric surgery in adolescents, the potential benefits of intervention cannot Peripheral neuropathy is one of the more common manifestations of vitamin deficiencies after bariatric surgery, occurring in 5-16% of gastric bypass patients who receive inadequate B vitamin supplementation. 52, 53 In particular, vitamin B1 deficiency (beriberi) has been well-described after bariatric surgery in adults 54 as well as several of our adolescent patients. 55 In our adolescent cases, the predominant symptoms were similar to those in adults and occurred within 6 months of surgery. Painful paresthesias, weakness and difficulty walking were key features. In contrast with adult series, postoperative emesis was not always an associated feature, which suggests that perhaps poor compliance with routine vitamin supplementation may have been an underlying factor. Further, the prevalence of beriberi in the larger cohort (four out of 55 patients) was higher than would be anticipated based on adult case series. We have recommended specific nutritional interventions, including (1) initiation of preoperative multivitamin supplementation to correct possible pre-existing micronutrient deficiencies and (2) addition of a separate thiamine supplement for the initial 6 months postoperatively in an empiric effort to reduce the risk of micronutrient depletion following bariatric surgery in adolescents. 55 Menstruating young women who undergo gastric bypass are also at increased risk of iron deficiency anemia primarily resulting from poor absorption of ingested iron. With specific iron supplementation, iron deficiency anemia may be prevented (as assessed by adequacy of ferritin levels) but mild anemia can still result, despite normal vitamin levels. 51 This finding highlights the concern that some nutritional risks of gastric bypass may be usual and expected, whereas others may not necessarily fit with expected physiologic paradigms.
Concern for osteoporosis and osteopenia has recently come to the forefront after some adult recipients of bariatric surgery, primarily those who have undergone more malabsorptive procedures, have developed osteopenia and osteoporosis, secondary hyperparathyroidism and low serum vitamin D, a decade or more after surgery. 56 In 15 adults undergoing gastric bypass surgery, decreased bone mineral density at 9 months was evident, despite normal parathyroid hormone (PTH), calcium and vitamin D levels. 57 In the short term, however, a preliminary assessment of nutritional status 1 year after gastric bypass surgery in a cohort of 28 of our adolescent gastric bypass patients has not revealed significant nutritional concerns, with the notable exception of the reported beriberi cases. Measurements of albumin, total lymphocyte counts, hemoglobin, ferritin, water and fat soluble vitamins were preserved or increased. During this period, the adolescents had been prescribed routine multivitamin, calcium and B12 supplementation (additional iron only if female). However, adherence was not measured.
Current supplementation practices are often based on standards established in adults, in whom regimens frequently vary by surgical center. Further, evidence from randomized controlled trials is often lacking to justify supplementation amounts or choices. Adolescents present a unique population and optimum needs for supplementation and time points for monitoring must be determined, both in consideration of the increased length of time they will live with altered physiology and in light of lower rates of adherence during this critical developmental period. In other pediatric disease models, such as kidney transplant, adolescents with chronic disease often have been reported to have lower compliance with medication regimens. 65 Early data in adolescents undergoing bariatric surgery appear to confirm this risk of low compliance: a small study of adolescents after RYGB revealed that only 14% took recommended supplements. 66 Factors that impede or promote compliance in this age group require further study to enhance the long-term safety of bariatric surgery in adolescents.
Pregnancy prevention and counseling Any bariatric program that includes adolescents must include counseling to prevent pregnancy in the first 12-18
Bariatric surgery for pediatric extreme obesity TH Inge et al months after surgery and nutritional counseling to ensure safe pregnancy outcomes as young adults. Chance of pregnancy after bariatric surgery is increased by weight loss, which improves the ovulatory dysfunction often associated with obesity, thus increasing the risk of unplanned pregnancy if contraception is not used. 67 Nationally, approximately 50% of adolescents have engaged in sexual intercourse by age 17, however it is not clear to what extent this is true for extremely obese youth, as weight-related stigma may affect rates of sexual activity. 68 Though the weight loss associated with gastric bypass has been shown to reduce weight-related complications of subsequent pregnancies in adults, it is important to counsel adolescent females to avoid pregnancy during the period of rapid weight loss and up to 12-18 months after surgery. 69 Further, adolescent pregnancy in general is associated with a higher incidence of complications, such as prematurity and low birth weight, though outcomes of pregnancy in adolescent females after bariatric surgery have not yet been systematically studied. 68 Higher rates of specific nutritional deficiencies after bariatric surgery can place the mother and infant at greater risk. In particular, deficiencies in iron, folate, vitamin B12, calcium and vitamin D can result in poor fetal growth or even malformation. 70 Before pregnancy, compliance with multivitamin supplementation should be specifically addressed, screening for anemia, vitamin deficiency should be performed and any deficiencies corrected. During pregnancy, prenatal vitamins, oral iron and calcium are required and higher levels of folate and iron supplementation may be necessary. After pregnancy, the malabsorptive and/or restrictive component of the bariatric surgery may result in suboptimal breastmilk quality and the maternal diet should be adjusted to promote adequate caloric intake for the infant, but avoid excess weight gain for the mother. 71 Vitamin supplementation should continue during breastfeeding to avoid development of hypovitaminosis in the infant, in particular vitamin B and A deficiencies. 72 Can comorbidities justify earlier rather than later intervention?
Cardiovascular risks
It has become clear that obesity, especially visceral adiposity, may be the engine which drives the development of both insulin resistance and the features of the metabolic syndrome. 73 Longitudinal studies have demonstrated that obesity in childhood and adolescence significantly increases the likelihood of hypertension, 74 depression. An alarming one third to one half of all extremely obese adolescents currently meet diagnostic criteria for the metabolic syndrome. 83, 84 Thus, available evidence suggests a strong association between features of the metabolic syndrome, elevated BMI and subsequent cardiovascular disease (CVD) in adulthood. Bariatric surgery results in sustained and significant weight reduction and a reduction in CVD risk factors for extremely obese adults. 85 We have also demonstrated that bariatric surgery in adolescence results in correction of nascent features of the metabolic syndrome. 7 Particularly significant were a 70% decline in fasting insulin levels, a 13% decline in fasting glucose concentrations and a 30% decrease in triglyceride levels following adolescent surgical weight loss.
Extremely obese adolescents also demonstrate increased eccentric and concentric ventricular hypertrophy compared to less obese and lean adolescents. 86 This elevated ventricular mass is an important risk factor for subsequent myocardial failure. Early outcomes also suggest that extremely obese adolescents undergoing bariatric surgery experience significant decreases in ventricular wall thickness and left ventricular mass index (H Ippisch, personal communication). Thus, the cardiac hypertrophy associated with extreme adolescent obesity does not appear to represent fixed end organ damage, but rather suggests a plasticity and possible anatomic change following surgical weight loss in youth. Improvement in cardiac structural changes have less commonly been documented after surgical weight loss in adults, with one study finding only a modest 15% loss of left ventricular mass after surgical weight loss. 87 These metabolic and early echocardiographic data support the hypothesis that surgical weight loss in extremely obese adolescents may improve cardiac health to a greater extent than surgical weight loss used in adulthood. Whether normalization of these risk factors in adolescents will ultimately reduce the incidence of life-threatening CVD after they become adults is unclear and will require careful and long-term study.
OSAS OSAS refers to the occurrence of repetitive episodes of complete or partial obstruction of the airway during sleep, usually in association with loud snoring and daytime somnolence. Immediate consequences of OSAS are sleep fragmentation, arousal, poor school/job performance, irritability, intermittent hypercapnia and hypoxemia, nocturnal hypertension and marked changes in autonomic control of the cardiovascular system. 88 The long-term consequences of OSAS include sustained daytime and nocturnal hypertension, 89, 90 cor pulmonale, left ventricular hypertrophy 91 and increased cardiovascular and cerebrovascular morbidity and mortality. 92 Indeed, cross-sectional results from the Sleep Heart Health Study showed a strong association between OSAS, heart failure and stroke. 93 OSAS is highly prevalent and debilitating in extremely obese adolescents and adults. 94 
OSAS is a compelling indication for bariatric surgery because of the reliable improvement seen in adults after
Bariatric surgery for pediatric extreme obesity TH Inge et al weight loss. To determine the effect of surgical weight loss on OSAS adolescents, polysomnograms have been performed before and after surgical weight loss. 95 OSAS (apneahypopnea index (AHI)X5 events/h) was diagnosed in 55% of 34 patients studied preoperatively, and a marked increase in OSA prevalence with increasing BMI was observed. Preoperatively, the mean AHI for adolescent bariatric patients with OSAS was 9.1 events/h (mean BMI of this group was 61 kg/m 2 ). Ten patients had follow-up polysomnograms after weight loss, and mean AHI in this group was 0.6 events/h, a nearly 20-fold improvement; OSAS had resolved completely in nine of these 10 subjects. This finding is especially significant in light of the fact that in studies utilizing overnight polysomnography in adults before and after bariatric surgery, weight loss was associated with improvement in AHI values by only five-fold (e.g., preoperative AHI of 60 events/h vs postoperative AHI of 12 events/h). 96, 97 Indeed, complete OSAS resolution was seen in only half of adults following surgical weight loss. 98 The likelihood of resolution of OSAS after surgical weight reduction may be greater in those with less severe OSAS preoperatively. Thus, from available evidence it is reasonable to hypothesize that effective weight loss interventions applied before OSAS progression may result in more complete and perhaps more durable resolution of OSAS. Earlier improvement in OSAS could have manifold benefits, given the wide range of neurocognitive and cardiopulmonary consequences of OSAS. As more than half of all adolescents presenting for treatment of extreme obesity have OSAS, it is important to begin to understand the effects of surgical weight loss on this disorder in adolescents. Direct comparisons of the effects of bariatric surgery on OSAS in individuals who vary in their duration of severe obesity will help elucidate factors important in the pathogenesis of OSAS over time.
Endocrine changes
Abnormalities in carbohydrate metabolism are strongly associated with both adult and childhood obesity.
73,99 A 10-fold increased incidence of T2DM in pediatric age groups was first reported from Cincinnati in 1996. 100 Up to 25% of obese individuals in both pediatric 101, 102 and adult 26, 103 age groups have impaired glucose tolerance, whereas the prevalence of T2DM is only 4-6% in obese youth and 25% for adults.
In adults, RYGB results in remission and prevention of T2DM, 104, 105 with normalization of fasting hyperglycemia in 64-83% of type 2 diabetic patients and 99% of those with impaired glucose tolerance. 26, 36 Improvements in insulin resistance and b-cell function have been documented following surgical weight loss. 36, [106] [107] [108] [109] Interestingly, although significant improvements in carbohydrate metabolism occur after surgical weight loss in adults, studies also demonstrate that in response to a glucose challenge there is only incomplete normalization of parameters of insulin secretion and insulin resistance. [106] [107] [108] [109] [110] [111] Adolescents undergoing bariatric surgery also demonstrate significant fasting hyperinsulinemia and insulin resistance as estimated by homeostasis model assessment (HOMA-IR) was abnormal in 64% of patients preoperatively. 7 However, in contrast to adult outcomes, surgical weight loss in adolescents resulted in complete resolution of fasting hyperinsulinemia. 7 HOMA-IR decreased by 78% overall (Po0.01) and completely normalized in all but one patient (Po0.01).
One explanation for lack of complete correction of carbohydrate metabolism in adults is that in adulthood (and particularly for diabetics), some may have already experienced functional b-cell exhaustion that cannot be recovered even after surgical weight loss. Indeed, the duration of T2DM significantly predicts poorer resolution after weight loss surgery, 26, 112 and may well be related to the incomplete resolution of diabetes after weight loss surgery in adults. 26, 36, 39 Thus, it is possible that greater benefit may be achieved by intervention earlier rather than later in the continuum of disordered carbohydrate metabolism associated with extreme obesity -before metabolic and pancreatic abnormalities have escalated and are less likely to completely resolve.
NAFLD and steatohepatitis
Nonalcoholic fatty liver disease (NAFLD) is strongly associated with obesity, in particular with visceral adiposity and insulin resistance, and with the rising prevalence of obesity, is rapidly becoming one of the most common liver diseases in the United States and worldwide. 113, 114 The spectrum of NAFLD ranges from simple steatosis, believed to be benign and nonprogressive, to more severe, potentially progressive steatohepatitis (NASH), which is marked by hepatic inflammation, hepatocellular injury and fibrosis. The population prevalence of NAFLD and NASH in adults has been estimated to be 15-32% and 2-4%, respectively, 115 whereas in children, the prevalence of NAFLD is estimated to be 9.6%, and NASH 3%. 116 Although NASH is less common than NAFLD, up to a quarter of individuals with NASH may go on to develop extensive fibrosis and cirrhosis. 117, 118 The specific genetic and environmental risk factors that drive development of NASH in only a subset of patients with NAFLD are not clearly defined, nor is the time course over which NASH develops in susceptible individuals known. Older age, obesity and T2DM however have been identified as predictors of NASH in adults, 119, 120 whereas race and ethnicity, male gender, obesity and insulin resistance may be predictors of NASH in children. 116 Consistent with a larger burden of obesity-related comorbidities in extremely obese adults, liver disease in such patients is more prevalent and advanced. [121] [122] [123] [124] [125] [126] Therefore, to define the spectrum and determinants of NAFLD in extremely obese adolescents, we correlated liver histology with clinical features and compared findings to reported adult Bariatric surgery for pediatric extreme obesity TH Inge et al data. 127 In our cross-sectional study of 41 adolescent subjects undergoing gastric bypass, 83% had NAFLD. Despite severe obesity (mean BMI 59 kg/m 2 ), 24% percent had steatosis alone, whereas 7% demonstrated isolated fibrosis with steatosis, 32% nonspecific inflammation and steatosis and 20% had NASH. Overall, 29% percent had fibrosis; none had bridging fibrosis or cirrhosis. As we had anticipated, NAFLD and NASH were more prevalent in these extremely obese adolescents than in less obese children, in whom the prevalence of fatty liver has been reported as 38-50%. 116 Further, abnormal serum aminotransferases were more prevalent in those adolescents with NASH (Pp0.05). but could not distinguish between steatosis and more severe forms of NAFLD.
Not surprisingly, given the degree of severe obesity, 73% of the cohort met criteria for the metabolic syndrome. Strikingly, the prevalence of the metabolic syndrome did not differ significantly between the histologic subgroups and nearly 60% of those with histologically normal liver biopsies also had the metabolic syndrome. Of individual components of the metabolic syndrome, only mean fasting glucose was significantly higher in those with NASH (P ¼ 0.05). Impaired fasting glucose, hypertension and abnormal high-density lipoprotein were highly prevalent in the entire cohort, but not significantly different between histologic subtypes. This indicates that additional biologic processes and genetic susceptibility factors may be driving the onset of hepatic inflammation and fibrosis in response to obesity and insulin resistance at this younger age. Elucidating these biological factors which drive development of inflammation and fibrosis in severely obese adolescents will be critical for risk-stratification in the future when contemplating aggressive obesity treatment approaches, by helping predict which patients are destined to undergo rapid progression of obesityrelated NASH.
Studies of NASH outcome after gastric bypass in adolescents are currently lacking. Several studies in adults have reported improvement in NAFLD and NASH after surgery, though some studies have highlighted a transient increase in inflammation after surgery. 34, 121 Two recent studies of outcome of NASH after bariatric surgery in adults have demonstrated significant decreases in steatosis, but variable or no changes in inflammation and fibrosis. 128, 129 Although both of these recent studies in adults suggest a clear beneficial effect of gastric bypass surgery on NAFLD and NASH, the persistence of fibrosis and inflammation in a subset of patients indicate the need for longer-term followup. A significant unanswered question is whether earlier intervention in adolescents will not only prevent progression from simple steatosis to NASH in susceptible individuals, but will also result in greater normalization of inflammation and fibrosis in those adolescents who already have NASH at time of bariatric surgery. Further, it is not known whether severely obese adolescents with hepatic steatosis and insulin resistance who do not actually normalize their weight and remain obese may still be at risk for subsequent development of NASH, owing to ongoing exposure to the proinflammatory and profibrotic milieu of obesity. To answer these questions, longitudinal outcome studies of liver histology are needed in severely obese adolescents, from both surgical and nonsurgical cohorts.
Psychosocial implications of obesity in children and adolescents
There is a substantial gap in our understanding of the psychosocial comorbidities that characterize youth whose obesity progresses to extreme levels before adulthood, and in particular, those who seek surgical intervention. Just as adolescents with BMI values at extreme levels (e.g., X40 kg/m 2 ) are poorly represented in the National Health and Nutrition Examination Survey so too have they been poorly represented in studies seeking to explore psychosocial status in obese children. However, it is clear from a number of focused studies that adolescents with extreme obesity are at considerable psychosocial risk. Briefly, compared to leaner peers, obese adolescents report more stigmatizing experiences (e.g., name-calling and teasing), 130 victimization, 131 have fewer friendships and are more socially marginalized. 132 To date, no prospective longitudinal studies have tracked the consequences of the poor peer relations of obese youth over time. However, in the general population, poor peer relations have been empirically linked to greater psychopathology and poorer life adaptation (e.g., school/ job performance, interpersonal relations) in adulthood. 133 Adolescent obesity has also been associated with poor selfconcept, with persistent obesity from middle childhood to adolescence associated with decreasing self-esteem. 134 Recent research examining the health-related quality of life (HRQOL) of obese youth has documented significant impairments in daily functioning across physical, social, emotional and school domains. 135, 136 Further, when HRQOL was examined across the weight spectrum, results suggested that HRQOL decreased with increasing weight. 137, 138 We recently reported baseline psychosocial status of a small but unique population of extremely obese adolescents referred by their physician for consideration of bariatric surgery. 139 We documented significant and global impairments in HRQOL (e.g., PedsQL 140 ), with an effect size greater than previously reported for any other adolescent population in the pediatric obesity literature (Figure 2 ).
There is a considerable controversy regarding the association between depressive symptomatology and adolescent obesity. 139, [141] [142] [143] [144] Obese adolescents typically exhibit subclinical or average range depressive symptomatology, with only a small subset having a clinically significant range of symptoms or meeting diagnostic criteria for a depressive disorder. Noteworthy however, is the growing and compelling evidence regarding important correlations between depressive symptomatology, obesity development and obesity persistence in adolescence and adulthood. 145 When we examined depressive symptomatology in extremely obese adolescents presenting for bariatric surgery, 139 30% of 147 and population base rates (10%). 148 Our initial data suggest that adolescents who are at extreme levels of obesity and choosing an aggressive surgical intervention have accumulated greater distress as their obesity has progressed. Equally noteworthy is that our data document that the majority (e.g., two-thirds) of adolescents presenting for surgical evaluation self-report depressive symptoms in a mild or subclinical range. Finally, overweight adolescents report more binge eating behavior than their non-overweight peers. 149 However, when binge eating symptomatology was assessed using structured diagnostic interviews such as the Eating Disorder Examination, 150 only a very small percentage (between 0.04 and 2.80%) of obese adolescents in population-based studies meet Diagnostic and Statistical Manual-IV criteria for Binge Eating Disorder (BED). 151 Similarly, only 1% of youth (ages 10-16) enrolled in a behavioral weight management program met full diagnostic criteria for BED, with 9% engaging in objective binge eating episodes (overeating with loss of control). 152 To date, there have been no investigations of binge eating behaviors in extremely obese adolescents or in adolescents seeking bariatric surgery. In the absence of longitudinal studies which track the psychosocial trajectories of adolescents with extreme obesity, some clues about the extremely obese adolescent's psychosocial future may be discovered by examining the adult experience. For instance, it is well documented that obese adults, and extremely obese adults in particular, experience considerable psychosocial impairment. Obesity in the emerging adulthood years (ages 18-23) has been strongly associated with completing fewer years of advanced education, lower family income, lower rates of marriage, 153 and lower life satisfaction in the areas of work and close interpersonal relations. 154 Extreme obesity in adulthood is associated with a lifetime history of mood and anxiety disorders 155 and impaired HRQOL. 156 HRQOL becomes more impaired as both BMI and treatment intensity increase, 157 with those seeking bariatric surgery having the poorest quality of life. 158, 159 The prevalence of BED in severely obese adults reportedly ranges from 13 160 to 49%, 161 and is comparatively higher than BED rates in obese adolescents. Adults with BED seeking bariatric surgery report poorer quality of life 159 and greater psychological distress 162 than those without BED. When such data from adolescent and adult cohorts are placed on a hypothetical continuum, a reasonable extrapolation would be that adolescents who are extremely obese are at considerable risk of continued and mounting psychosocial impairment and poor developmental adaptation. Indeed, one could reasonably hypothesize that these psychosocial 'comorbidities' may well be irreversible if adolescent extreme obesity is not effectively treated during formative adolescent years.
Based on adult outcomes, it is known that postsurgery adult patients report improved HRQOL, 37, [163] [164] [165] less stigmatization and discrimination, 166 an improved social life, 167, 168 and improved educational and occupational status. 168, 169 Further, there is evidence suggesting that pre-existing psychosocial impairment influences adult surgical outcomes. 170 For example, binge eating behavior, depression, ) revealed that at 12-months postsurgery adolescents experience significant improvement in HRQOL and depressive symptomatology (e.g., within more normative ranges) despite continued obesity (mean BMI 36.9 kg/m 2 ; Zeller, M, unpublished data). These psychosocial changes may substantively alter the psychological health and socioeconomic trajectory of the adolescent to a greater extent than if surgery is performed later in adulthood. Further follow-up into adulthood is crucial to document weight and psychosocial trajectories and their interrelations. The identification of psychosocial predictors of positive short-and long-term surgical outcomes will be critical to the development of more informed adolescent patient selection criteria and more efficacious adolescent treatment paradigms.
Conclusions and perspective
Epidemiologic data has confirmed that pediatric obesity is increasing in prevalence and severity. The magnitude of the problem of extreme obesity in youth now warrants the attention of all pediatric health-care providers, and careful study of all reasonable interventions at the societal as well as individual level in an attempt to reverse both current obesity trends and personal health consequences. In this regard, accumulating evidence suggests that adolescents who are currently choosing bariatric surgery should expect significant improvements in obesity status and related comorbidities. It is also possible that improvements in health and psychosocial well being may exceed that which would be expected if operation were delayed until later in the life course of extreme obesity after comorbidities progress and worsen.
Given numerous reports of positive outcomes of bariatric surgery in adolescence in the medical literature and general acceptance in the worldwide media, it is likely that greater numbers of youth will seek surgical interventions for obesity in the future. This increased demand for surgical services will in turn influence hospital systems to develop programs for the care of these patients. Institutions providing bariatric care to youth should only provide these services if care can be offered utilizing multidisciplinary teams dedicated to pediatric patients and if processes are in place to insure safety and excellent delivery of clinical care. Realization of this goal is the basis for bariatric credentialing described by both the American Society for Bariatric Surgery 173 and the American College of Surgeons. 174 Further, without an empirically valid method of assessing an adolescent's capacity to make an informed decision about weight loss surgery, the clinical team must consider the adolescent's cognitive, social and emotional development when considering their candidacy. Adolescents must also be active participants in the decisionmaking process (e.g., assent/consent, knowledge of risks/ benefits) to assure that the decision to have surgery is voluntary, well informed and rational. 175 Critically needed are well-designed, prospective studies, which evaluate the efficacy and safety of weight loss interventions using comparable clinical management protocols, uniform data definitions, and standardized research methodology to minimize bias and maximize usefulness of this information. To accomplish these aims, a federally funded multicenter research initiative in the US known as the Longitudinal Assessment of Bariatric Surgery (LABS) was recently begun. Teen-LABS, a parallel project to carefully phenotype and follow adolescents undergoing bariatric surgery was also recently funded. Similar federally funded adolescent bariatric research initiatives are also underway in Australia. Thus, there is good reason to believe that many of the hypotheses outlined above will be testable and in the future and more evidence will be available on which to base treatment decisions for youth and adults worldwide who suffer with extreme obesity and health consequences.
